ABSTRACT. The classical 3D beam element has been modified and developed as a new finite element for vibration analysis of frame structures with flexible connections and cracked mem hers. The mass and stiffness matrices of the modified elements are established basing on a new form of shape functions, which are obtained in investigating a beam with flexible supports and crack modeled through equivalent springs. These shape functions remain the cubic polynomial form and contain flexible connection (or crack) parameters. They do not change standard procedure of the finite element method (FEM). Therefore, the presented method is easy for engineers in application and allows to analyze eigen-parameters of structures as functions of the connection (or crack) parameters. The proposed approach has been applied to calculate natural frequencies and mode shape of typical frame structures in presented examples.
Introduction
The frame structures with semi-rigid (or flexible) connection have been studied in series of papers by Lui and Chen [2] [3] [4] , Shi and Atluri [5] , Kawashima and Fujimoto [6) . However, the methods proposed in their studies are limited either by the application for only some individual cases or by the difficulty for engineers in application. Chan and Ho [7] have suggested a new approach for calculating the mass and stiffness matrices of element basing on specific shape functions derived from solving the equilibrium equations of beam. The advantage of the method is keeping the cubic form (but with coeffiCients depending on connection parameters) of shape functions and the same as well known procedure of FEM. Some analytical aspects of the dynamic problem for beam-column with flexible supports have been investigated by Pedersen in [8) .
Very few papers were contributed to develop the FEM for analysis of frame structures with cracked members. Most of researches in this field are limited to a description of crack nature rather investigating the influence of crack on the behaviour of structures especially dynamical, because of the complexity of the nature of crack. There is a simple approach [9-11, etc.] , that regards to changes in the geometric properties of member due to crack. Most of them were completed by either classical FEM or analytical one and concerned only to simple structures such as beam column [12, 13] . ' The present study is addressed to the development of FEM in free vibration analysis of frame structures with flexible connections and cracked members. The basis of this investigation is the idea of using modified appropriate shape functions describing-the-flexihle-cormectionand crack of beam, which will be modeled below by equivalent springs. The spring parameters will be introduced so that their trivial (zero) values correspond to the classical model of beam. In this context, these parameters are called damage one and structure with such members is understood as damaged. Therefore undamaged structure is identical to the classical model of the structure.
The main subject of this study is to construct the shape functions depending on the damage parameters. Then the consistent mass and stiffness matrices will be calculated by formulas as well known in FEM. Subsequent procedure is followed the classical case in FEM.
Proposed approach is applied to calculate natural frequencies and modes of beam and frame structure in examples. Results obtained were compared with known one and give accepted agreement, As mentioned in [5] , the suggested method is also efficient, relatively simple and can easily be accepted by engineers in practice.
Beam Element -General Equation
The beam finite element well known in FEM is described by 12 
The selected so-called shape functions Pj(x), j = 1, ... , 12, form the shape matrix 
Index e at M, K shows that the matrices are in local system of co-ordinates.
Thus, the formulation of a beam finite element now leads to the choice of the shape functions Pj(x), j = 1, ... , 12. In the classical case of beam element, these functions are taken in the form of Hermitian ones:
These functions are the solutions of equations, describing the end conditions
This shows the essence of the finite element approximation. Developing this idea, we will search the shape functions illustrating different cases of damaged beam.
Shape Functions for Damaged Beam Element
As shown in previous section, the shape functions are the coefficients at the nodal displacements in the representations of inside beam displacements determined from solving corresponding static problems with given nodal displacements. Basing on this, in present section we will construct the shape functions in two cases of damaged beam: flexible connection and cracked beam elements.
Flexible Connection Element
Let's consider a beam specimen with given parameters: E, p 
Hence, we obtained
In accordance to (2.2), it will be yielded
where functions a;, b;, i = 1,2 of two variables r 1 , r 2 are: 
b) Flexural Deflections
For a beam given in Fig. 2 the flexural deflection v(x) can be written as:
which must satisfy conditions:
The coefficients c;, d;, i = 0, 1, 2, 3 have been found from the above conditions. 
functions a;;(r 1 , r 2 ), j = 1, 2, 3, 4, i = 0, 1, 2, 3.are giveit)I! TableA.L. will be found in the dependence on the damage parameters.
a) Axial and Torsional Model (Fig. 3 )
Fig. 3
Problem is to find displacement function u(x) of bar at any section x for given nodal displacements u 1 , u 2 • Such function can be proposed to find in the form
The coefficients ai and bi derived from these equations are
The function u(x) now has the form, where
Functions at, bt, i '"" 1, 2 have the expressions given in 
with the same functions at, bt, i = 1, 2, as in (3.6). The found functions do not contain the crack position parameter a, they depend only on crack magnitude /3.
In addition, if /3 = 0, then at =a;, bt = bi or Pt(x) =Pi (x) = P?(x).
b) Bending Model of Cracked Beam (Fig. 4) vJ
In this case, the flexural deflections v(x) and w(x) are presented in the forms
It's evident that the functions v(x), w(x) satisfy boundary conditions
In order to find ci, dj, j = 1, 2, 3, 4 there will be following compatibility conditions at crack position a:
From these equations we can get 
Flexible Connection Element
Using function notations given in Appendix, the elements of mass and stiffness matrices will be found as follows: [7) . A difference here is that there is taken into consideration the spring flexibility instead of its stiffness.
Cracked lleam Element
In another example, a fixed-end beam with a flexural spring describing a crack at a position x is investigated. The parameters of the beam are as the same as the beam described in the example 1. The frequencies, which are illustrated in Fig. 6 , have been computed for four different values of f3 = 0.0, 0.1, 1.0, 5.0. The graphics presented in Fig. 6 give the relationship between frequencies and the position of crack. The results show good agreement with theoretical ones given in [14] . An interest could be seen from the obtained ~esult is that there are positions along the beam at which crack does not influence on the frequencies. This fact is useful for detecting crack position from measured natural frequencies. 
Damaged frame structure
There will be considered the steel frame that·was investigated in [7] , see Fig. 7 . Thus, there is a plan frame structure (with height 7.3m, wide 6.1m) consisting of6 Results of computation, the first two natural frequencies corresponding to the specified above cases are given in Table 1 .
Analysis of the results leads to the following conclusions: 1. Damage, either flexible connection or crack in the bending model does not changes the third natural frequency of the frame.
2. Reduction of the stiffness at the joint nodes (flexible connection): -Weakening of connection of the structure with base can decrease maximum the first frequency 40% and the second one 18%. Decrease of the both frequencies versus weakness of the connection stiffness is almost monotonous.
-Flexible connection of the MHB with columns does not influences on the second frequency, while change of the connection between THB and columns leads to decrease of the both frequencies.
-The more distance of the flexible connection from the base is, the less its influence on the natural frequencies.
3. Appearance of crack: -Crack appeared at middle of the horizontal elements with any magnitude does not changes the second frequency. Influence of the cracks appeared symmetrically in both sides of the middle is the same and this influence increases as the crack goes far-away from the middle.
-If crack appeared in a column, the more closed to the base crack position is, the more decrease of the first frequency and the less change in the second one. In this case change in frequencies is not symmetrical as in the horizontal members, minimal change of frequencies is recognised at the upper half of member.
-Simultaneously appeared at both columns cracks make more change in the frequencies than that if crack is only in one column. Unequal of the distances of the cracks in columns from the base inflects also to the change of frequencies. This change is always less than that if cracks appeared at the least of distance from base.
-In general, the more magnitude of crack, the more decrease of frequencies. 
General Conclusion
Two cases of modified the beam finite element were developed to study frame structures with flexible connections and cracked members. The flexible connecti<:m and crack have been modeled by different types of spring, relative flexibility of which together with crack position serve as damage parameters. These ones take part into new form of the shape functions, consequently, the consistent mass and stiffness matrices of the structure were constructed also as functions of the damage parameters. Thus, by the same procedure of FEM there can be analyzed behaviour of the frame structures in dependence on the appearance of damage. The developed beam elements have been compiled with SAP IV and made the SAP to get a new development, which can be employed to analysis of damaged frame structures. Presented here numerical examples show the efficiency and applicable of the development. The general result obtained in this study were applied to analysis and integrity assessment of the oil production offshore platforms operating in Bach Ho field, Vietnam.
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